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INTRODUCTION 
The l i f t ing-body vehicle  we have figwn a t  t h e  F l igh t  Research Center 
i s  the  M-2 r a t h e r  than the  M - 1 ,  thus ,  it i s  t h i s  vehic le  I s h a l l  d i scuss .  
For those who may not be fami l fa r  w i t h  t he  M-2 or  t h e  l i f t ing-body concept, 
I s h a l l  descr ibe  it brPef ly .  AB the  n%me implies,  a l i f t i n g  body i s  a 
vehic le  with a body shape, r a the r  t h a n  wings, which generates  l i f t  a t  an 
angle of a t t a c k .  The only i r r e g u l a r i t i e s  or  protuberances i n  t h e  body 
shape a r e  t h e  surfaces  required f o r  aerodynamic con t ro l .  
t h e  advantages of t h e  th ree  configurations having r een t ry  capab i l i t y ,  t h a t  
is, t he  b a l l i s t i c  or  semiba l l i s t ic ,  the l i f t i n g  body, and the  winged vehic le .  
The energy f c o t p r i n t s  of t he  vehicles ,  o r  landing a r e a s  ava i l ab le  t o  each, 
can be estimated ( f i g .  2 ) .  For operational usage, a l i f t i n g  reent ry  vehicle  
appears t o  be  highly des i r ah le  because of i t s  v e r s a t i l i t y  f o r  r een t ry  from 
a number of o r b i t  planes o r  t he  capabi l i ty  f o r  recovery a t  a number of 
landing s i t e s  within t h e  Vnited S ta tes .  
Figure 1 compares 
LIFTING-BODY RESERRCH VEHICLE 
\ An advanced vehicle  i s  being procured by t h e  F l igh t  Research Center which w i l l  i nves t iga t e  supersonic, transonic,  and subsonic f l i g h t  regions.  
launched f r o r  a 5-52, and w i l l  require systems comparable t o  an operat ional  
f i g h t e r  o r  x-15 research a i r c r a f t .  The cockpit  ( f i g .  4) i s  conventional i n  
panel design and cont ro ls  
pressurized cockpit  ( 3a5 p s i  a i r )  temperature cont ro l ,  high-pressure 
breathing-oxygen system f o r  unpowered f l l g h t s ,  and X-15 pressure s u i t  f o r  
powered f l i g h t s  with vent a i r  and breathing oxygen. 
use t h e  niodified T-37 sea t  and w i l l  allow subsonic e j e c t i o n  while i n  f r e e  
f l i g h t  o r  while mated t o  t h e  B-52. 
t h i s  program. 
This vehic le  ( f i g .  3) w i l l  be f u l l  scale i n  s i z e  and weight, w i l l  be \ 
\, 
The environyental con t ro l  system provides a 
The escape system w i l l  
No medical monitoring i s  planned f o r  
An area  of i n t e r e s t ,  and t o  which we have devoted some e f f o r t ,  appl icable  
t o  a n i s s i o n  vehicle  i s  an i n d i r e c t  vis iog systen.  Such a system would be 
des i r ab le  on any reent ry  vehicle  t o  e l iminate  a l l  but  t he  most necessary 
deviat ions from t h e  bas ic  shape. A canopy with windows i s  preferable  from 
t h e  p i l o t ' s  viewpoint but  would require  add i t iona l  s t ruc tu re ,  heating pro- 
t ec t ion ,  and, i f  located i n  t h e  nose f o r  b e s t  v i s i b i l i t y ,  could se r ious ly  
a f f e c t  vehicle s t a b i l i t y .  Optical  or TV systems show some promise f o r  use 
i n  maneuverable l i f t i n g  vehicles  and a r e  r ead i ly  adaptable t o  r een t ry  
vehic les .  The F l ight  Research Center i s  studying the  use of o p t i c a l  systems 
f o r  approach, f l a r e ,  and landing of low- l i f t -drag- ra t io  vehic les .  A crude 
dual  overlapping monocular system has been flown i n  an L-19 during power-off 
approaches and landings ( f i g .  5 ) ,  and an advanced o p t i c a l  system ( f i g .  6) i s  
being purchased f o r  i n s t a l l a t i o n  i n  an F-104B. 
during approach, f l a r e ,  and landings a t  l i f t - d r a g  r a t i o s  as low as 2.5 and 
p r e f l a r e  ve loc i t i e s  of 300 knots.  
This system will be  used 
An ac tua l  mission vehic le  w i l l  r equi re  approximately the  same b io-  
engineering e f f o r t  and considerat ions that were required f o r  t h e  Dyna Soar, 
s ince  t h e  environment agd operating c h a r a c t e r i s t i c s  a r e  similar. No unique 
problems are  an t ic ipa ted ,  inasmuch as t h e  technology ava i l ab le  from Gemini, 
and possibly Apollo, w i l l  be ava i l ab le  before  t h e  f i rs t  l i f t ing-body 
mission arid should be adequate f o r  t he  planned missions of t h i s  type of 
vehicle  
Cockpit Design 
Many improvements have been made i n  cockpit  design i n  the  manner of 
presenting information, such as, f ixed v e r t i c a l  tapes ,  moving v e r t i c a l  
tapes ,  and electroluminescent alpha-numerics. There has, however, been 
in su f f i c i en t  e f f o r t  i n  t he  types of parameters presented f o r  f l i g h t  
cont ro l  or  system monitoring ( f o r  example, t o t a l  f u e l  and f u e l  flow when 
t h e  p i l o t  i s  r e a l l y  in t e re s t ed  i n  the  f u e l  time remaining a t  t h e  present  
power s e t t i n g ) .  
vo l t s ,  and various other  u n i t s  of measure. Most of t hese  q u a n t i t i e s  could 
be presented i n  percent values.  When they a r e  presented i n  terms of un i t s ,  
some reference m i x t ,  be known and remembered by t h e  p i l o t ,  such as maximum 
and rriinimum and normal operating regions.  He must mentally in t eg ra t e  a l l  
of t h i s  miscellaneous informat im t o  c rea t e  a p i c tu re  of h i s  present  
s i t ba t ion ,  which requires  concentration t h a t  could be used t o  g r e a t e r  
advantage i n  other  a reas .  The same i s  t r u e  of a l l  t h e  other  s i t u a t i o n  
information presented d i g i t a l l y ,  such as airspeed, a l t i t u d e ,  and a i r c r a f t  
a t t i t u d e s .  The A N I P  panel, or  contact  analog, i s  a s t e p  i n  t h e  r i g h t  
d i r ec t ion ,  but it has not been u t i l i z e d  extensively because of an unwill-  
ingness t o  r e l y  on e l ec t ron ic s  and because of t h e  computer capac i ty  and 
h L r g l l b  I c q u i r e G .  
thcroughly t o  t he  X-15 t e a m  by the  MH-96 cont ro l  system. 
a f f ec t ing  system performance have occurred i n  26 f l i g h t s .  
Systems gages a r e  marked i n  terms of pressure,  temperature, 
T,n+ -L+ ------- -i- The r e i i a b i i i t y  of e l ec t ron ic s  has been demonstrated 
No f a i l u r e s  
Another a rea  requir ing add i t iona l  e f f o r t  is  t h e  el iminat ion of r e f l e c -  
t i o n  o r  g la re .  
high-sun conditions i s  shown i n  the  photograph of f i g u r e  7. 
a t  s teep  climb angles, t he  severe r e f l e c t i o n  problem i s  ser ious .  The sun 
shines  d i r e c t l y  on the  p i l o t ' s  face  and r e f l e c t s  i n t o  the  s u i t  v i so r .  The 
only recourse i s  t o  shade the  face with t h e  hand. 
An indica t ion  of t he  r e f l e c t i o n s  i n  an F-104 cockpit  a t  




Protec t ive  Equipment 
I n  t h e  f i e l d  of pro tec t ive  equipment t h e r e  i s  a l s o  room f o r  improvement. 
An example of t h e  complex system now i n  use i s  t h e  number of i tems requi r ing  
separate a c t i o n  by a p i l o t  on en ter ing  o r  leaving an  F-104 a i r c r a f t  ( t a b l e  I ) .  
The in tegra ted  harness parachute system used i n  t h e  X-15 and some o the r  recent  
a i r c r a f t  i s  d e f i n i t e l y  a s t e p  forward, since only t h r e e  s t r a p s  or connections 
are  involved and only one f i t t i n g  i s  required f o r  p i l o t - s u i t  systems. However, 
t h e  connections a r e  or iented i n  such a manner t h a t  t h e  p i l o t  cannot connect 
o r  disconnect without a s s i s t ance .  
Crash-protection provis ions have not been improved i n  keeping with t h e  
increased operating v e l o c i t i e s .  It is almost c e r t a i n  death t o  r i d e  a j e t  
f i g h t e r  down. k new concept of aTr-?mg cushions could be an answer, 
inasmuch as t h e  e n t i r e  cockpit  could b e  f i l l e d  before  impact. 
Escape System 
Escape systems are s t i l l  b a s i c a l l y  subsonic devices,  s ince  f e w ,  i f  any, 
have s u f f i c i e n t  s t a b i l i t y  f o r  high Mach number-high a l t i t u d e  e j ec t ion .  
Medical Monitoring 
Medical monitoring systems used i n  t h e  X-15 program are pr imar i ly  
f l i g h t - s a f e t y  or ien ted .  They serve only t o  assist t h e  p i l o t  i n  de t ec t ing  
an  environmental system malfunction, since t h e  parameters monitored and 
te lemetered a r e  ava i l ab le  t o  the  p i l o t  a l s o .  The physiological  instrumenta- 
t i o n  on t h e  p i l o t  has not been involved i n  a launch or mission abor t  and 
has not been considered mandatory f o r  launch. Un t i l  some means of pred ic t ion  
can be  incorporated i n t o  physiological  o r  environmental monitoring and pre- 
vent ive a c t i o n  automatical ly  i n i t i a t e d ,  t h e  p i l o t  w i l l  only r e l u c t a n t l y  
agree t o  biomedical instrumentation. 
Crew Selec t ion  and Evaluation 
C r e w  s e l ec t ion  and evaluat ion techniques a t  t h e  F l igh t  Research Center 
4 a r e  informal i n  comparison t o  those used f o r  as t ronaut  s e l ec t ion .  New 
p i l o t s  are normally obtained from t h e  engineering groups a t  t h e  Center.  
This  p r a c t i c e  has been i n  e f f e c t  f o r  the las t  8 t o  10  years .  In t e re s t ed  
app l i can t s  are informed of t h i s  se lec t ion  procedure and, i f  s u f f i c i e n t l y  
motivated, accept an engineering posi t ion with the  hope of eventual ly  
f l y i n g .  
Before t h e  a c t u a l  p i l o t  assignment, a thorough physical  examination 
a t  t h e  Lovelace Cl in ic  must be completed, followed by yea r ly  reexaminations. 
Af t e r  t h e  o r i g i n a l  se lec t ion ,  experience and performance i n  assigned p ro jec t s  
determine any f u r t h e r  assignments. 
-3- 
CONCLUDING REMARKS 
There are no medical or bioengineering problem unique t o  t h e  l i f t i n g -  
body vehicle .  
l i m i t s  of p i l o t  endurance or  performance, s ince  t h e  foreseeable  missions 
a r e  ear th  o r b i t a l ,  rendezvous, and r e tu rn .  
The f l i g h t  environment w i l l  not approach any boundaries or 
To properly u t i l i z e  t h e  hypersonic and subsonic l i f t i n g  capabi l i ty ,  
t h e  p i l o t  must be  a part of t h e  primary con t ro l  loop. Consjderation of 
p i l o t  control  requirements i n  cockpit  design and v i s i b i l i t y  w i l l  enable 
t h e  p i l o t  t o  accomplish t h e  e n t i r e  reentry,  approach, and landing with 
consis tent  r e l i a b i l i t y .  
SYMBOLS 
2 acce le ra t ion  due t o  grav i ty ,  f t / s e c  
a1 t i tud e 
r a t e  of climb 
l i f t - d r a g  r a t i o  
veloc it y 
angle of a t t a c k  
angle of p i tch ,  yaw, and roll, respec t ive ly  
-4- 
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T B L E  I 
i lU9IViDW& CONNECTIONS REQUIREX FOR KOKMAL F-104 OPERATION 
Farackate "UI:~C!CLC~ . . . . . . . . . . . . . . . . . . .  3 
. . . . . . . . . . . . . . . . . . . .  Spurs t c  boots  2 
Oxygen mask t o  helmet . . . . . . . . . . . . . . . . .  1 
Spiirs t. o s e a t  . . . . . . . . . . . . . . . . . . . . .  2 
F a r a c h l ~ t ~  o  emergency k i t  . . . . . . . . . . . . . .  2 
. . . . . . . . . . . . . . . . . . . . . . .  S e a t b e l t  1 
Shoulder s t r a p s  t o  s e a t  b e l t  . . . . . . . . . . . . .  2 
Parachute lanya. rd t o  s e a t  be l t  . . . . . . . . . . . .  1 
Parachute lanyard t o  D-ring (zero  delay) . . . . . . .  1 
Oxygen hose t o  T-block . . . . . . . . . . . . . . . .  1 
P i l o t ' s  mask t o  T-blcjck . . . . . . . . . . . . . . . .  1 
P i l o t ' s  commmicat l~n  lea2 . . . . . . . . . . . . . .  1 







ABLATIVE HEAT SMELD 
MINIMUM HEAT LOAD 
MINMUM WEIGHT 
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LOW HEAT LOAD 
INTERMEDIATE WEIGHT 
INTERMEDIATE DECELERAT!€)N (20) 
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HIGH HEAT WAD 
H E N Y  STRUCTURE 
MODERATE DECELERATION (40) 
HYPERSOM: L I D  = 2 
KMft BOOSTER COMWTIBILITY 
RANGE CAPABILITY IN RELATION To HYPERSWC L/D 
Figure 2 
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EN V I RON MENTAL- 
SYSTEM, LANDING GEAR, YSTEM CONTROLS 
FLAP, AND SPEED-BRAKE AND INSTRUMENTS 
CONTROLS 
Figure 4 
' x  
MONOCULARS INSTALLED IN L-19 
Figure 3 
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